
AO—A073 356 COWUTER SCIENCES CORP FALLS CHURCH VA FIG 1712.1
EARTH TERMINAL SLIeSYSTEM STUDY. VOLUME e TRANSMITTER COMBIN!N—ETC(U)
NAY 79 ft WIMEBARGER DCAIOO—76—C—0069

LRICLASSIIW 

__  

SUE AD~ E1OO 272 ilL

r, pIJ~auui~~IOtIl~•cD

‘9—79

Pi

Thoc

IL
I



i i.~ ~~ ~~ ~~I . V L~~~~~~’~~
_______ 

L ~~~ 2.2

I I

11111’ ~ III1I=!=~= HhIt=!~.
~ - 4 .~~~

_ ..... . .
4

MICROCOPY RESOLUTION TEST CH~~T
NATI O+~AL BUREAU OF STANOAR DS-l963- ~1



—

I ,4n~ z.~i ~~~~~

I ~ _I ~~~~ I ‘JJ 
__

~~~~ 
. 

__

I
I ~ _ _ _ _

II~~~~~~~ J

~~~~ ~
•i
~:Final Technical Report ¶

Volume 4

Eart h Terminal
I Subsystem Study
I

Transmitter Combining for Simult aneous
Transmission of FDMA and TDMA Carriers

I
I May 1979 ~
I ’ I.-

Co
0

HARRIS CORPORATION Government Systems Group

i Communications Systems ~o Box 37 Melbourne FL 32901 (305)727-4000

79 08 02
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~



::

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED 

-

TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT

REPRODUCE LEGIB LY.

-,—~~~ 

- _ _ _  
_ _ _ _ _



I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
U N C E , ASS I  F L E D . R420 , 26 Jul y l97cL

E 

S~~CURI ry CLAS~ II9CATION OF THI S PA ’~~. (wh~ r~ Vats £~n ’sro~1)

n E~~’~ ” ~~~~~~~~~~ ‘~‘E~” A ~ It~~~I 0 A RE A D I N ~$ T RUC TI ONS
I ’~ IU F ~ £ U~~~~ UM ~~ k~ ~~~~~~~ ~~~~~ BEFORE COMPLETIN G FORM

L R a~’oV r  NUMBER 2. GO VT ACCESS ION NO. 3. RECIPIENT’S  C A T A L O G  NUMB ER

4. T ITLE (and Subtitle) 5. T YPE OF REPORT & PERIOD COVERED

Ear th  Terminal Subsystem Study : Final Report
Transrnicter Combining for Simultaneous Trans— _______________________________

miss ion of FDMA and TDMA Carriers 6. PERF ORMING ORG. REPORT NUMBER

7. AUT IIOR(s) S. CONTRACT O R G RA N T RUMBER(.)

DCA 1O0—76—C—0089~~-Hr. Ross Winebarger Subcontract S—165

9. PER FORMING ORGA NIZATION NAM E AND ADDRESS 10. PROGRAM ELEMENT . PROJE CT , T ASK
AREA & W O RK UNIT NUMB E RS

Harris CoLporation Government Systems Group ”
P.O. Box 37 Task ~o 0211
Nelbourne~ Florida 32901 

-
I I .  CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Defense Communications Engineering Center , R420 - 
May 1979

1860 Wiehie Avenue 13. N U M B ER O F P A G E S

Reston, Virginia 22090 ______________________________
14. MONITORING AGENCY NAME & AOORESS(I( di ff e r e n t from Controlling Office) 15. SECURITY CLASS. (of (hi. report)

UNCLASSIFIED
ISa . DE CLA SSIFICAT ION/O OW NGRAO ING

/ SCHEDULE

15. DISTRIBUTION STATEMENT (of this Report) -s

Approved for public release; distribution unlimited .

I F .  DISTRIDUTION STATEMENT (of th e ab.ttaci ent.t.d in Block 20, if d ~1~eren t fro m Report ) j~

- ~ ~~~~~~~~~~~~~ .L~/ ~~

IS. SUPPLEuENTARY NOTES

Review relevance five years from submission date.

)
~,

19. KEY WORDS (Continue on revere , aid. it necessary and identify by bio~~ryurnb.r)

Earth Terminals . -i

Earth Stations
Satellite Terminals \../

Satellite Communications
25. ABSTRACT’ (ContE~ i. revere. .i ~~ ti n.cmary end iderdlfy by block number)

This report addresses alternative methods of combining high—power TDMA and FDMA
X—band carriers for simultaneous transmission from Defense Satellite Communi-
cations System (DSCS) earth terminals. The TDMA signal is assumed to be in
Channel 1 of the DSCS III frequency plan, with the FDMA carriers in Channels 2
and 6 (on both sides of the TDMA signal). Three alternative diplexer configu-
rations are described : (1) a conventional bandpass filter; (2) a band—stop
filter; and (3) a dual E—stub filter. The three configurations are evaluated —.. -

~~ 1~7~ ~. F D , f l O W  OF ~~~V ~S t~ O’)3O~~E~~~ ~‘:(~L.~ sT I ) i ~, ~~~~~~ ~~ Ju l y 197Q
SECURITY C L* S S I F IC AT t D K  OF T R I S O A G E  ~~~~~ D.~e E~ tv,esf)

L .



-~~~~~~~~ 
-,

— ~~~~~

tJNr.T.A
~
s1nED. R420. 26 Ju ly  1979

SECURITY CLASSIF ICATI O N OF THIS PAGE (W h en Date Entef*d)

‘
~1n termS of insertion loss, phase linearity, and com plexity . It is concluded

that the bandpass filter approach is the preferred approach , based on its low—

loss characteristics and its design simplicity .

e
.,.

~~~~~~~~~~~~~~ ~-~42O , ?E J u ly  1979
SECURITY CLA ~~~ F I C A T I O M  OF T HIS ~~A , E  .thr,, Date En tered.)

__________ — .- . — — ._~~~ — —— —- —- — — 

J



_ _ _ _ _ _ _ _ _ _ _ _  —~~~~-~~~ - - — - —_ _ _ _

Final Technical Report
Volume 4

Eart h Terminal
Subsystem Study

Transmitter Combining for Simultaneous
Transmission of FDMA and TDMA Carriers

Subcontract S-165

For
Computer Sciences Corporation

Falls Church, Virginia

May 1979

.  ~ 
. ‘ .b a fl .~~ • ... — ..

P 
_ _ _ _ _ _ _ _ _ _ _

— —~~~~~~~~ -— 
- 

~~~— —



r —

~~~
— — _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

T A B L E  OF C O N T E N T S

Paragraph T i t le  Page

1.0 INTRODUCT ION 1

2.0 SCOPE . ...  1

3.0 RE QUIREMENTS 2

4.0 DESIGN ALTERNATIVES 2

4.1 Bandpass Fi l ter Diplexer Design 5
4 .2  Band Stop Fi l ter Diplexer Design 7
4.3 Dual E-Stub Wideband Band Stop Filter

Dip lexer Des ig n  8

5.0 EVALUAT iON OF ALTERNATIVE DIPLEXER DESIGNS  11

6.0 CONCLUSIONS 15

L i ST OF ILLUSTRATIONS

Figure Title Page

1 DSCS Phase III Satellite Frequency Plan 3

2 Di plexer Con fi gura ti on 4

3 Loss Characteristics of 5-Pole Bandpass Filter
when Constructed with WR 137 Copper
Wavegu i de 6

4 Response of Band Stop Filter .. . 9

5 E-Stub Band Stop Filter Diplexer
Confi gura tion 10

6 Seven Cavlty E— Stub Fllter 12

7 Calculate d Losses for the Three Al ternat i ve
Di p lexer Filter A pp roache 13

Appendix A ~~~~~~~~~~~~~~~~~ i H i~
fl

~~ ’1- 1

I 

-

-~~~~ 

i~j±~
2
~~LI~L ~~~~

— —.-—~~~~ -
.-~~--.“—.-.~ -.-- - . _ - ±E~ ~~~~~~~~~~~~ ~i _ . - ~~~~~~~~~~~~~~~~~~~~~~~~~



r - - ----—--- -—- -

~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~ 

_______ - - — - -  — 

~~~~~~~~~~~~~

-

~

—-
~~~~

— - .. — ~~~.

1.0 INTRODUCTION

Th is report describes the work performed by Harris
Corpora ti on , Government Commun ications Systems Division (GCSD), on
Subtask 4, Transm itter Combining for Simu ltaneous Transmission of
FDMA an d TDMA carriers under Subcontract S-165, Ear th Term i na l
Subsystem Study .

The introduction of TDMA into the DSCS will mean that CW
carr iers (FDMA) and pulsed carriers (TDMA) must co-exist in the same
earth terminal. If a common power amplifi er Is used for both
carr i ers , degradation of the FDMA signals would occur due to cross-
mo dulation effects unless the power amplifier is operated far below
sa turation. Efficient transm ission of FDMA and IDMA signals simul-
taneously from a single earth terminal will , therefore , require the
com bining of the outputs from separate FDMA and TDMA power amplifiers .
No suc h capability exists in the AN/FSC-78 (HI) terminals and none is
being provided in the AN /MSC-61 (MI) terminals being procured.

Th is report presents the results of a study of alternative
dip lexing/combining approa ches for achieving simultaneous FDMA and
TOMA transmissions in the AN/FSC-78 and AN/MSC -61 terminals. ~ecause
of th e com monal ity b etween th e HT and MT term i nal elec tron i cs , all
efforts addressed in this study are applicabl e to both terminal types.

Th is report is organized to define requirements and
assum ptions relative to the diplexer/combiner ; this is then followe d
by an evaluation of alternative designs. Finally, a recommen ded
ap proach is presented.

2.0 SCOPE

The scope of the study effort to be performed under this
task is limited primarily to a review of previous Harris experience
in filter and dip lexer design and construction. Design and fabrica-
tion experience obtained In the development of the diplexers for the
MT and LI an tenna systems will be used as the primary Information
base for this study .

1
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3.0 REQUIREMENTS

The bas i c requ i remen t Is to d i plex FDMA signals from the
existing TWT HPA with signals from a new IDMA transmitter which will
be located in the RF Equipment Room of the AN/FSC-78 or AN/MSC -61.
The RF Equipment Room of both termi nals can be considered identical
for purposes of this study .

The TDMA transmi tter will have an output power of 5 kW
and w ill operate at a 10% duty cycle at a 60 MHz burst rate in
Channel 1 of the DSCS Phase III Satellite . The existing TWT HPA
will be transmitting FDMA signals in a 40 MHz band in both Channels
2 and 6. The DSCS Phase III sate llite frequency plan is shown in
Figure 1.

It is assumed that the TDMA transmi tter will operate at
full peak power of 5 kW and that the composite power of the FDMP
carr iers in Channels 2 and 6 will be 2 kW maximum. It is desirable
that all dip lexer components have a power handling capability of at
leas t 10 kW CW .

The cr iteria for performance of the diplexer is to mini-
m ize insertion loss , especially for FOMA signals. To prevent inter-
ac tion between the TDMA transmitter and the existing TWT HPA , the
rejection of TDMA signals at the FDMA transmitter output and the
rejec ti on of FDMA s ig nals a t the TDMA transm itter out put shoul d b e
20 dB minimum. Group delay should be minimized especially for TDMA
signals.

4.0 DESIGN ALTERNATIVES

T h ree a l ternat ive d i pl exer con figura ti ons were s tudi ed to
per form the channe l combining function; conventional bandpass filter ,
band stop filter and dual E-stub filter. All three configurations
use two Identical filters placed between short-slot hybrids of 3 dB
cou plers as shown In Figure 2. The functioning of such a filter/
hybrid combination is as follows : frequency F 1 enters port number 2

2
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and is total ly reflected by the filters and exits port number 3.
Fre quenc y F2 enters port number 1 passes through the filters and com-
bines with F 1 at port number 3. Port number 4 is isolated from both
F 1 and F2 and is terminated.

The three alternative diplex er configuration , all of
which use the filter /hybrid arrangement described above , are dis-
cussed in the following paragraphs .

4.1 Bandpass Filter Diplexer Design

Three bands (channels) mus t be combined. The TDMA channel ,
Channel 1, 7.975 to 8.035 GHz (FT) is to be inserted between two FDMA
channels , Channel 6, 7.900 to 7.950 GIlz and Channel 2, 8.060 to
8.130 GHz (FH). The two FDMA channels are the output from the TWT
HPA an d are already combined. Although not given as a constraint
for purposes of this study , the uplink frequency band above Channel
2 (8.130 to 8.400 GHz) should also be considered a bandpass.

Re ferr i n g to F i gure 2, the two identical filters are
cons tructed as bandpass filters for the TDMA channel. The FDMA
channels , FL an d FH enter port number 2 and are reflected by the
filters and exit port number 3. The IDMA channel FT en ters port
number 1 passes through the filters and combines with FL an d FH at
port number 3. The combined output of the TDMA channel and the FDMA
chann els , is therefore , available at port number 3.

If the bandpass filters were direct coupled and built
with WR 137 copper waveguide usi ng symmetrical vane irises , an
unloaded Q of about 8000 might be obtained. Figure 3 shows the band -
pass charac teristics of such a filter consisting of five poles to
provide a minimum of 20 dB is olation between the two transmitter
ou tputs. The complete combin er losses would be very low (0.1 dB)
for the FDMA channels but wou ld approach 2.0 dB at the TDMA channel
band edges.

A var iation of this bandpass filter design consisting
of high Q cyclindrical cavlti~ s”Tr~~1 ñiôde p~avrdes ’an ~ü’nToade d Q
of approximately 18,000. The Insertion loss of the diplexer 
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this type filter is approximately 0.7 dB for the TOMA signal at the
band edges and has approximately 0.1 dB loss for FDMA signa ls. The
design of bandpass filters such as required for this application is
very straightforward . Computer programs exist to accurately
determine insertion loss , return loss (VSWR) , an d nhase character-
istics. Such a computer analys is was performed for this filter. The
resu lt s are shown i n the com p u ter run i n A pp en di x A. The anal ysi s was
perform ed using three different bandwidths to determine the l owest
loss that could be obtained while still providing adequate isolation
between FDMA and TDMA bands . The design is based on a five cavity
0.04 dB ripple Chebyschef bandpass filter. The results of the
anal ysi s are as fol l ows :

Inser ti on Loss Inser ti on Loss Isola ti on Be tween
TDMA TDMA TDMA TDMA an d

Bandwidth Band Edges — Ban d Cen ter FDMA Por ts

62.0 MHz 0.82 dB 0.55 dB 25 dB
64.0 MHz 0.77 dB 0.50 dB 23 dB
66.0 MHz 0.70 dB 0.46 dB 21 dB

The widest filter (66 MHz) also provides the least isola-
tion between ports . However, the isolation was still greater than
the minimum 20 dB required , therefore , the 66 MHz bandwidth appeared
to be the best choice. The effect of reflecting FDMA signals from
a nonperfect short was a concern for QPSK modulated signals. The
non perfect short manifests itself as an amplitude and phase charac-
teristic which can cause degradation of the orthogonality of quadra-
ture signals. Inspection of the reflection coefficient and angle of
reflection has shown these values to be negligible. Hence , the
66 MHz wide bandpass filter used in this configuration should have
negligible effect on the FDMA channels except for the 0.1 dB loss.

4.2 Band Stop Filter Diplexer Desi~~
The FDMA an d TDMA channels can be com bi ne d us i ng a b and

stop filter design in the diplexer. For such a diplexer a band

stop filter is substituted for the bandp ass filter described in

Paragra ph 4.1. Referring again to Figure 2 the FDMA channe ls , FL

7 H
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an d FH, enter port number 1 pass through the filters to port number
3. The TDMA channel enters port number 2, Is reflec ted by th e b an d
stop filters into port number 3.

No calcula ted loss data is available for the exact band -
stop filter requirem ent, but a ban d-stop filter of the same type was
use d in the HT terminals . A plot of this filter ’s loss as measured
at Harris is shown in Figure 4. The rejection slope of the HT filter
is about half of that required for this application since the guard
band is only 25 MHz and the passband to 20 dB stop— band separation is
only 42 MHz. The stop bandwidth of the HT filter is also about
twice that required. Narrowing the stop bandwidth will increase the
passband loss , especially at the band edges. A loss of approximately
0.7 dB at the band edges is predicted for this approach. This band
edge loss occurs at the high end of FDMA Channel 6 and at the low
end of FDMA Channel 2. The TDMA channel loss would be close to
0.1 dB .

4.3 Dual E—Stu b Wideband Band Stop Filt er Diplexer Design

The combining function can be performed using dual E-stub
wideband band stop filters in the diplexer design. Such a configura-
tion is shown in Figure 5. It uses two diplexer sections. Each
section uses broadband band stop E-stub filters to reduce passband

F losses. The first diplexer section separates the FDMA channels and
comb ines the TDMA channel with FDMA Channel 6 in port number 3.
FDMA Channel 2 passes through the filter into port number 4. The
TOMA an d FDMA Channels , FT and FL, enter port number 6 in the second
sec tion of the dip lexer , pass through the filters and are combined
w ith the FOMA Channe l 2, FH, i n por t num ber 8, the output port of
the network. With this configuration the channel nearest the filter
stop band (passband edge) Is always the TDMA signal. The FDMA
channels are either the reflected signals or are far from the filter
band edges .

_ _  -- - .: - _~~~~~~~----~~~~~~~~~~~
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Figure 6 is a sketch of a dual seven cavity , E-stub filter
configuration used in an MT antenna diplexer application . This
dip lexer was designed to combine signal channels with a frequency
separation of 50 MHz wit h an Isolation greater than 60 dB . Although
this diplexer was designed for 50 MHz frequency separation between
channels which is twice the 25 MHz guard bands between the channels
i n the presen t a ppl i cat ion , test data indicated it would provide 25
dB isolation for a 25 MHz separation. The loss for reflected signals
in this diplexer was 0.2 dB at band ed ge and dropped to 0.1 dB within
20 MHz of band edge . For signals passing through the filter the loss
was 0.4 dB at band edge and dropped to 0.1 dB within 30 MHz. Losses
coul d be reduced further by using a sharper cutoff (more stubs or
lon ger stubs).

5.0 EVALUATION OF ALT ERNATIVE DIPLEXER DESIGNS

The advantages and disad vantages of the three dip lexer
a pproaches discussed in Section 4.0 are briefing summarized below .
The cal culated loss curves for the three cases are shown in Figure 7.

Band Pass Filter Approa ch

This is the most simple , s tra ig htfo rward , and lowest  r i sk
design approach. Computer programs exist for almost exact design.
Highly accurate loss, VSWR and phase characteristics can be
com puted . However , this design has unacceptably hig h losses in th e
TDMA channel when implemented in WR 137 waveguide. The loss at the
TDMA band center can be reduced to 0.5 dB or slightly less if a
cylindrical cavity desi gn filter Is useu. The loss to FDMA channels
is the lowest (0.1 dB) of the three approaches considered.

Band Stop Filter Approa ch

This approach provides the lowest loss to the TDMA channel
but the highest loss to the FDMA channels . This filter Is relativel y

simple In design although not quite as straightforward as the bandpass
design.
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Dual E-Stub Band Stop Filter Approach

This is the most complex of the three filter approaches.
Two filter section s are required which doubles the number of com-
ponen ts an d more than doubles the d ip lexer s pace re quiremen t. T hi s
approach provides somewhat lower loss to the TDMA channel than can
be achieved with the bandpass filter approach and provides lower loss
to the FDMA channels than the bandstop filter case.

In making a final tradeoff on the choice of diplexer
approach some consideration should be given to the weight to be
given the various channel losses. Is achieving lower losses more
i mpor tan t i n the TDMA c hannel or i n th e FDMA c hannels ?

For the application being consider ed , a TDMA transm itt er
is being added as a modification to an exis ting terminal. Non-TDMA
channels should be degraded as little as possible . Specifically,
the terminal EIRP and therefore AJ capabili ty should be impacted
as little as possible.

A fter cons id erin g the loss ca lcu la ti ons p resen ted i n
Figure 6, along with other factors discussed above, it appears that
the band stop filter approach discussed in Paragraph 4.2 can be
el iminated based on the relatively high losses in the non-TDMA
channels. This diplexer approa ch would present minimum losses of
0.3 to 0.4 dB for all portions of the 7.9 to 8.4 GHz up l ink band
exce pt for the TDMA channel where losses would be very low .

The choice is then between the bandpass and the E-stub
filter diplexer approaches . As previously stated the bandpass
filter approach provides the least losses to non-TDMA channels ,
0.1 dB versus 0.2 dB minimum losses. However, the minimum loss
at the TDMA c hannel ban d cen ter wi l l  be somew h a t hig her for the
bandpass filter approach. Using TE011 cylindrical cavities with
a bandwidth of 66 MHz a minimum loss between 0.4 and 0.5 dB can be
achieved for the TDMA channel using the bandpass filter approach.
This loss can be reduced to about 0.3 dB using the E-stub filter
approach.

14
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The bandpass filter dip lexer approach is chosen over
the E-stub filter approach. The sligh tly l ower loss provided to
the TOMA channel by the E-stub filter approa ch is outweighed by
the lower loss in non-IDMA bands and by the simplicity , an d smal l er
size of the bandpass filter diplexer approach.

6.0 CONCLUSIONS

Design approaches for a diplexer to combine FDMA and
TDMA channel signals for simultaneous transmission in the DSCS
Phase III Satellite have been evaluated. The scope of this study

P 
task l imited the evaluation to dip lexer approaches for which Harris
has had previous design experience.

A diplexer approach based on the use of bandpass filters
us i ng TE 011 cylindrical cavitie s has been presented. This approach
allows the combining of F-DMA and TDMA signals with low loss (0.1 dB)
to non-TDMA channels and only moderate loss (0.4 to 0.5 dB at band

- . center) to the TDMA channel. The effects on phase linearity are
negligible for all channels. Based on the simplicity of the design
approach presented it is concluded that the costs and risk
associated with the diplexer will be negligible factors in any
TDMA transm itter modifications to the AN/FSC -78 or AN/MSC-61.. terminals.

15
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APPENDIX A

Computer analysis for a cylindri cal 5-cavity TE011 Tchebyscheff

0.04 dB ripple bandpass fi lter for the following passbands :

1. 7.973 to 8.037 GHz BW= 64 MHz

2. 7.972 to 8.038 GHz BW= 66 MHz

3. 7.974 to 8.036 GHz BW= 62 MHz
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